The most important types of the subsidiary compounds which are produced as by-products of disinfection process are trihalomethanes, haloacetic acids, haloacetonitriles, chlorites, chlorinated hydrates, formaldehydes, and cyanogen chlorides. Given the adverse effects of disinfection byproduct compounds in drinking water, especially the carcinogenic effects of trihalomethanes, the aim of this study was to evaluate the effect of heating the water to reduce or eliminate the amount of trihalomethanes in drinking water in the city of Sanandaj. To conduct this study, 12 samples were collected from the three endpoints of the water distribution network in Sanandaj in September 2015 (the sampling was carried out in places where, according to the results of the previous samplings, had the highest amount of trihalomethanes compared to other parts of the water distribution network). Results were analyzed using Excel statistical software. The results showed that after boilling water for 1 minute, chloroform reduced from 27 to 6.8 µg/l (74.8% removal), after 3 minutes it reduced to 4
INTRODUCTION
The most important types of the subsidiary compounds which are produced as by-products of disinfection process are trihalomethanes (THMS), haloacetic acids (HAAS), haloacetonitriles (HANS), chlorites, chlorinated hydrates, formaldehydes, and cyanogen chlorides 1 . Trihalomethanes (chloroform, bromodichloromethane, dibromochloromethane and tri bromoform) are the most common byproducts of water chlorination which are found in higher concentrations in comparison with other organo halogenated pollutants 2 .
These materials are formed as a result of the reaction of chlorine with a number of organic compounds in the water, including natural organic matters in surface waters, such as humic acid and fulvic acid, substances secreted by algae, rural and industrial wastewater, agricultural drainage, and solid waste leachates 3 .
The formation of trihalomethanes depends on various factors, including temperature, contact time with chlorine, chlorine concentration, bromine concentration, pH, and the amounts of natural organic matters 4, 5 . Rising the temperature leads to increased reaction rate and increased production of trihalomethanes 6 . Increasing the retention time (contact with chlorine), and high concentrations of chlorine, bromine, pH, and natural organic matters in the water (as the most important factor) leads to the formation of these compounds There are different methods to eliminate or reduce the amount of trihalomethanes including the use of alternative disinfectants and removal of the precursors of trihalomethanes; these methods can prevent the production and dissemination of these compounds in drinking water distribution network and can remove trihalomethanes after their formation 12 .
Heating method is one of the methods used to remove trihalomethanes after the formation of these compounds. This method is based on the chemical process of evaporation in which each of the trihalomethanes is removed at a specific boiling point 13 .
The conventional methods used for the removal of these compounds, such as the use of activated carbon fibers 14 , granular activated carbon 15 , membrane processes 16 , ultrasonic methods 17 , Air Stripping Packed -Column 18 , etc. need equipment, chemicals, and certain laboratory conditions (pilot scale, etc.) and hence they are very high cost. Therefore, the utilization of practical, low cost methods, without the use of chemicals, and with high removal efficiency, can improve the applicability of the process.
As the analysis of drinking water samples in Sanandaj proved the presence of trihalomethanes in the water distribution network, this study was aimed to investigate the effects of heating the water on the elimination or reduction of the amount of trihalomethanes in drinking water in the city of Sanandaj.
MATERIALS AND METHODS
The drinking water for the city of Sanandaj, with a population of 419000 people, is provided from Vahdat dam. The amount of trihalomethanes in the water distribution network of Sanandaj may increase due to the rise in temperature, increased growth of plants and algae in the summer, and also because of pre-chlorination process. Sanandaj Water Treatment Plant was established and launched in 1983. Sanandaj Water Treatment Plant uses the conventional water treatment processes which includes the following steps and equipments: 1. pre-chlorination, 2. rapid mix basin (ferric chloride is added and using two mixers for each basin the rapid mixing occurs 16 times), 3. settling and sedimentation basin, 4. rapid sand filtration, and 5. gas chlorination.
To conduct this study, 12 samples were collected from the three endpoints of the water distribution network in Sanandaj in September 2015 (the sampling was carried out in places where, according to the results of the previous samplings, had the highest amount of trihalomethanes compared to other parts of the water distribution network).
To collect the samples we used a sterile dark glass container with a capacity of 100 ml. Before sterilizing the container, it was washed several times using detergent and diluted hydrochloric acid. At each sampling site, two samples were taken at the same time. The first sample was poured and kept in the container without any intervention. The second sample was poured in a steel container with a capacity of 2.5 liters and was heated on a home oven. Three samples were taken from the heated water after 1, 3, and 5 minutes of boiling and were poured into sampling container. The samples were stored in the presence of ice and in less than 12 hours were sent to a laboratory with advanced equipment in School of Public Health, Tehran University of Medical Sciences. The samples were analyzed using a gas chromatograph device, CP-3800 model, manufactured by VARIAN Company in Australia. The device was equipped with a flame ionization detector (GC-FID) and a COMBIPAL HS auto sampler. The samples were analyzed based on standard method of 6232 for water and wastewater testing 19 .
RESULTS
Based on the results of this study, the concentration of all the four forms of trihalomethanes in the water samples was less than the maximum allowable level set by the Iran National Institute of Standards and World Health Organization. However, they were a little less than the maximum allowable level set by the US Environmental Protection Agency (80 µg/l for all the trihalomethanes) and maximum contaminant level goals (MCLG) set by this agency for each of the trihalomethanes (zero µg/l for dichlorobromomethane and bromoform and 60 µg/ l for dibromochloromethane). The most common trihalomethanes, which were observed in drinking water samples taken from the water distribution network in Sanandaj, respectively, were chloroform (43.3%), dichlorobromomethane (41.6%), dibromochloromethane (13.3%) and bromoform (2.8%). Table 1 presents the amount and percentage of each type of trihalomethanes in the three analyzed water samples. Table 2 and Figure 1 show the changes in the concentration of trihalomethanes in the sample No. 2 (with the highest amount of trihalomethanes) before and after heating. According to the data in presented in Table 2 , after boiling water for 1 minute, chloroform reduced from 27 to 6.8 µg/l (74.8% removal), after 3 minutes it reduced to 4.1 µg/l (84.8% removal), and finally after 5 minutes it reached zero µg/l (100% removal). After boiling water for 1 minute, dichlorobromomethane reduced from 26 to 7 µg/l (73.1% removal), after 3 minutes it reduced to 4.1 µg/l (87.7% removal), and after 5 minutes it reached zero µg/l (100% removal). After boiling water for 1 minute, dibromochloromethane reduced from 8 to 4.2 µg/l (70% removal), and after 3 minutes it reached zero µg/l (100% removal). After boiling water for 1 minute, bromoform reduced from 8 to 0.9 µg/l (55% removal), and after 3 minutes it reached zero µg/l (100% removal). Therefore it can be concluded that with increasing the duration of heating the water, the removal rate increases; in addition, with a reduction in the concentration of trihalomethanes in water, their removal through boiling will be performed more quickly.
Graph 1: Changes in the trihalomethanes in sample No. 2 from 0 to 1, 3 and 5 minutes after boiling (µg/l)

DISCUSSION
The results of this research can be explained and justified through a review of the boiling points of trihalomethanes which are equal to 61.2 °C for chloroform, 90 °C for dichlorobromomethane, 120 °C for dibromochloromethane and 149 ÚC for bromoform 20 . Given that chloroform and dichlorobromomethane constitute the highest percentage of trihalomethanes in water samples in Sanandaj, boiling the water can be used as an appropriate method, because it not only has the lowest cost and needs the least laboratory equipment and materials, but also it is effective in removing these dangerous chemicals.
The results of our study are in line with the results of a study by Stewart et al. in which the percentage of the removal of chloroform and dichlorobromomethane after 1, 2, and 5 minutes of boiling the water, respectively, was 75%, 84%, and 97%; however, in our study, after 5 minutes of boiling, both the mentioned forms of trihalomethanes were removed by 100%. The results are also almost similar for dibromochloromethane; in our study, after 1 and 3 minutes of boiling, this material was removed by 70% and 100%, respectively, and in Stewart et al.'s study, after 1, 2, and 5 minutes of boiling it was removed by 70%, 84%, and 100%, respectively. According to the results of Stewart et al.'s study and our study, respectively, after boiling the water for 1 minute, bromoform was removed by 60% and 55%, while after 2, and 3 minutes it was removed by 100% in both studies. These two studies are different in terms of the initial concentration of trihalomethanes, as the initial concentrations of chloroform, dichlorobromomethane, dibromochloromethane, and bromoform, respectively, were 13, 26, 18, and 0.9 µg/l in Stewart et al.'s study and 27, 26, 8, and 2 µg/l in our study 21 .
Wells et al. in 2001 investigated the effect of heat treatment on disinfection byproducts in drinking water and concluded that due to the volatility of trihalomethanes, boiling the water can be used an an effective method to change the concentration of these substances in water. According to the results of their research, after 1 minute of boiling the initial concentration of chloroform, which was 569 µg/l, was reduced by 67.3% and after 5 minutes it was reduced by 82%. Nevertheless, the initial concentration of chloroform in Sanandaj water samples was much lower (27 µg/l) and certainly they were expected to show a better removal percentage. The initial concentration of dichlorobromomethane was largely similar between the two studies; its concentration was 25.4 µg/l in Stewart et al.'s study and 26 µg/l and in our research study, and after 1 minute they reduced by 73% and 73.1% and after 5 minutes they reduced by 94.5% and 100%, respectively. The amount of dibromochloromethane was 0.85 µg/l in Stewart et al.'s study and 2 µg/l and in our study was 2 µg/l which were eliminated in the first minute of boiling. In addition, there was no bromoform in the samples analyzed by Stewart et al 22 .
Gloria et al. in 2013 investigated the removal of disinfection by-products through heating by means of a kettle, microwave, and pans. In this study, contrary to the results of our study, bromoform constitute the most common form of trihalomethanes in water samples (62%), and chloroform was the least common form of trihalomethanes (4%). Accordingly, after boiling the water in the electric kettle and frying pan, bromoform had the lowest percentage of removal (40% and 64%, respectively) and chloroform had the highest percentage of removal (69% and 78%, respectively). In addition, using microwave, bromoform and chloroform were removed by 97% and 84%, respectively 23 .
Given the sharp decline in the water level of the Vahdat dam in Sanandaj, the increase in the temperature, and the growth of algae, the increases of trihalomethanes in drinking water distribution network is inevitable, especially in summer. On the other hand, according to the experts working in Water and Wastewater Company of Sanandaj, it is not possible to remove these materials before chlorination in the water treatment plant. It highlights the need for interventions to minimize the concentration of trihalomethanes in the water distribution network so that to reduce the risk of people's exposure to these substances through drinking the water. Hence, boiling the water, in every possible way, especially during warm seasons of the year, can be one of the best options.
